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(54) Electrodeionization apparatus 

(57) An electrodeionization apparatus is provided, 
in which a plurality of cells are formed and arranged in 
vertical and lateral directions in each desalting compart- 
ment whereby various kinds of ion exchangers can be 
filled so that the arrangement and the mixing rate of the 
ion exchangers to be filled can be freely selected, and 
high filling density of the ion exchangers can be 
achieved. The desalting compartment comprises a rec- 
tangular frame 20, a partition member 21, preferably 
having conductivity, disposed in the frame 20, an ion 
exchanger 23 filled in cells 22 formed by the partition 
member 21, an anion-exchange membrane 24 and a 
cation exchange membrane 25 which are disposed to 
sandwich the frame 20. The partition member 21 is in a 
honeycomb form of hexagonal shape such that a pair of 
sides extend in the longitudinal direction of the frame 
20, i.e. in the vertical direction. 


Fig. 1 
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[001 3] The water flows in the cells with being stirred by the inclined part of the member, so that a boundary layer of 
concentration along the surface of the membrane whereby a dispersion resistance of ions is lowered and the apparatus 
becomes possible to be operated with a high flow velocity. 

[0014] In an aspect of the invention, the apparatus has a large number of cells are arranged vertically and laterally. 
5 A plurality, of cells are arranged along the membrane surface both in the normal flow direction of water and a direction 
perpendicular to the normal flow direction, thereby extremely improving the contact efficiency between water and ion 
exchanger. Since the height of each cell is low, the ion exchanger is scarcely compressed. A vacancy is not formed at 
an upper portion in the cell, and the cell is filled evenly with the ion exchanger. 

[0015] The configuration of each cell seen by projecting it upon the surface of the membrane is preferably a hexa- 
w gon or a quadrangle. In case of the hexagon, the cells are preferably arranged in such a manner that a pair of sides 
thereof extend in the normal flow direction of water. In case of quadrangle, the cells are preferably arranged in such a 
manner that the respective sides thereof extend obliquely relative to the normal flow direction of water. 
[0016] According to the present invention, all of the cells may be filled with the same ion exchanger, or instead 
thereof some of the cells may be filled with ion exchanger different from the ion exchanger filled in the other cells. For 
is example, an anion exchanger may be filled in first cells, a cation exchanger may be filled in second cells, and an ampho- 
teric ion exchanger (or a mixture of the anion exchanger and the cation exchanger) may be filled in third cells. 
[0017] According to the present invention, each cell may be filled with an ion exchanger having one ion exchange 
characteristics or having plural ion exchange characteristics. For instance, a mixture of an anion exchanger and an 
amphoteric ion exchanger may be filled in the cell. A mixture of a cation exchanger and an amphoteric ion exchanger 
20 may be filled in the cell. 

[0018] According to the present invention, the electrode may be composed of a plurality of small electrodes, insu- 
lated from each other, arranged corresponding to the first cells and the second cells in order to apply voltage, different 
t'om the voltage applied to the second cells, to the first cells filled with ion exchanger of the same ion exchange char- 
acteristics. The electrode may be composed of a plurality of small electrodes, insulated from each other, arranged cor- 
25 responding to the first cells, the second cells, and the third cells in order to apply different voltage to the first cells, the 
secona cells, and the third cells. 

[0019] According to the present invention, the electrode may be composed of a plurality of small electrodes, insu- 
lated from each other, arranged corresponding to the arrangement of the cells. 

[0020] Embodiments of the present invention will now be described by way of example only, with reference to the 
30 accompanying drawings, in which:- 

Fig. 1 is an exploded perspective view showing the structure of a desalting compartment according to an embodi- 
ment; 

Fig. 2 is a perspective view showing a main part of a partition member; 
35 Fig. 3 is an exploded perspective view of the partition member; 

Fig. 4 is a front view illustrating the water flowing condition of the partition member; 

Fig. 5 is a front view showing an example of filling ion exchangers in the partition member; 

Fig. 6 is a perspective view showing another example of filling ion exchangers in the partition member; 

Fig. 7 is a perspective view showing an example of plate-shaped electrodes; 
40 Fig. 8 is a front view showing another example of the partition member; 

Fig. 9 is an exploded view of the partition member shown in Fig. 8; 

Fig. 10 is a front view showing further another example of the partition member; 

Fig. 1 1 is aTront view showing still further another example of the partition member; and 

Fig. 12 is an exploded perspective view showing an electrodeionization apparatus according to the conventional 

45 one. 

[0021 ] Hereinafter, embodiments of the present invention will be described with reference to the attached drawings. 
Fig. 1 is an exploded perspective view showing the structure of a desalting compartment according to an embodiment, 
Fig. 2 is a perspective view showing a main part of a partition member, Fig. 3 is an exploded perspective view of the 

so partition member, Fig. 4 is a front view illustrating the water flowing condition of the partition member, and Figs. 5, 6 are 
a front view and a perspective view showing examples of filling ion exchangers in the partition member. 
[0022] The desalting compartment comprises a rectangular frame 20, a partition member 21, preferably having 
conductivity, disposed in the frame 20, an ion exchanger 23 filled in cells 22 formed by the partition member 21, an 
anion-exchange membrane 24 and a cation exchange membrane 25 which are disposed to sandwich the frame 20. 

55 [0023] The membranes 24, 25 preferably are uneven in thickness rather than even. Unevenness in thickness 
makes the membrane hard to be scratched even if it is pressed to the partition member 21. 

[0024] The frame 20 is provided with a flow inlet 26 for introducing raw water to be treated and a flow inlet 27 for 
concentrated water in an upper portion thereof and with a flow outlet 28 for desalted water and a flow outlet 29 for con- 


3 


EP 1 068 901 A2 


55 


in Fig. 1 . acta* a plurality of chenneS"! iZZ^l '° commun " :a ' e «*" •»» the righ. bodom cell 

cm «m the rsiifS,! X ' 0rmea ' he taer P 0 ™ 0 " 01 » e 2° « «■ "> *«% commoni- 

ot zigzag plates 30 as shown"™,, s I&3, ^"SS^ . y efo ™ ed ^" nneain9TOrtMs »*'' :es3 ' 
.5 at an angle w with ftaTrlSS^l ^SSSH » TT "* M 8 "* CM **■ 33 "* ,loh are """^ 
zigzag pL 30 » mad. p. TEEf"? * ""^ 1 "» 

^alies^S^^h.^^^ 

electrode wata, are , teo the same as teec, Sc^Zf™ " ~ C ° nCem,a,ed — • 

EwaterS^^^ 

as ,. flea, Wo adiae.nl e* SZ^SEZEZZT 5" "n""""' *' SU " W,n *'° •» ca»a 22 so 

watet reaches the bottom « fc d^no 0^=1^ ^ DUnn£l ""*• *" wa,er te delonted Unal* *e 

water exist a, the bottom oTtTl^S 20 T„a S„T T " ^ ,he channels 26a * laki "S «" *• halted 
War portions and lowTr poX^'^^^f ." I .T * "» 9eneral *■**>" " "* «*• « 
=e» 22 into the lowe, led Si SSiZ STceTS L^T' °'*"' ely < " > ""' Wa ""' " rom °" e 
*^h~^ 

exchanger J „„ oompnessed'ln any o '? "" 

pressed at the lowen portion of the ce*. Pteventing the ion exohanger (mm being partially com- 

[0038] Employed as the ion exchanger to be filled in the cells ?P h * o« 

an amp*o,ertc ion exoh.nge r , p r a mixtl « a, less, JEC^ oT«™X"S Lt" " 
(i) One o, the anion exohanger, the nabob oxoha^e,, and the amphot.rio ion exchanger is Med in a. ot the «k 


25 

[0030] 


30 


4 


EP 1 068 901 A2 


(ii) A mixture or mixtures of two or three of the anion exchanger, the cation exchanger, and theramphoteric ion 
exchanger is filled in all of the cells, wherein the mixing ratio and mixing kinds may be common for all of the cells 
or may be different partially or entirely. 

(iii) The anion exchanger is filled in first cells, the cation exchanger is filled in second cells, a mixture of the anion 
exchanger and the cation exchanger, or the amphoteric ion exchanger is filled in residual cells i.e. third cells. The 
mixing ratio and mixing kinds of the mixture may be common for all of the cells or may be different partially or 
entirely. Fig. 5 is a view showing this pattern wherein A designates anion exchanger, C designates cation 
exchanger, and M designates amphoteric ion exchanger or the mixture. Though the kinds of ion exchanger in the 
adjacent cells are completely different from each other in Fig. 5, the filling pattern is not limited thereto. For 
instance, the anion exchanger is filled in all of cells arranged in a first lateral line, and the cation exchanger is filled 
in all of cells arranged in a second lateral line just below the first line, and the amphoteric ion exchanger (or a mix- 
ture of the anion exchanger and the cation exchanger) is filled in all of cells arranged in a third lateral line just below 
the second line. 

(iv) As shown in Fig. 6, the desalting compartment is parted into three: an upper part, a middle part, and a lower 
part and the same kind of ion exchanger is filled in every part. In Fig. 6, a mixture of the anion exchanger and cation 
exchanger (or the amphoteric ion exchanger) is filled in cells in the upper part and the lower part and the anion 
exchanger is filled in the middle part of the desalting compartment. It should be noted that, in case of the mixture 
or mixtures, the mixing ratio and mixing kinds may be common for aJI of the cells or may be different partially or 
entirely. 

[0039] In any of the cases (ii) through (iv), the number of cells in which anion exchanger is filled and the number of 
cells in which cation exchanger is filled may be controlled according to the ratios of anion and cation in the raw water. 
[0040] To improve the efficiency of removing weak electrolyte such as silica, carbonic acid, and boric acid, it is pref- 
erable to make the raw water alkaline. As an alternative way for obtaining suitable removing condition, the number of 
cells in which anion exchanger is filled is increased. 

[0041] In the present invention, each of the anode and the cathode in a shape of a plate may be composed of one 
entire plate or sheet having the same size of the desalting compartment or may be composed of combination of plurality 
of small plate electrodes. 

[0042] In case of the pattern in which the kinds of ion exchangers to fill the cells are different according to the upper 
part, the middle part, and the lower part of the desalting compartment as shown in Fig. 6, each of the plate electrodes 
may be composed of three small plate electrodes 41, 42, 43 and insulators 44 disposed between the every adjacent 
ones of the small plate electrodes 41, 42, 43 as shown in Fig. 7. The current flows in such a manner as to make the 
current densities of the respective parts in the desalting compartment different from each other. 
[0043] Though the electrode is composed of three middle-sized electrodes 41, 42, 43 disposed at three stages: 
upper, middle, lower portions in Fig. 7, the electrode may be composed of two electrodes, or four electrodes or more. 
Alternatively, hexagonal electrodes slightly smaller than the cells 22 may be combined with insulators disposed 
between the every adjacent ones of the hexagonal electrodes so as to make the a plate-shaped composite electrode 
having the same size of the desalting compartment. This enables the respective control of the current densities of each 
cell. 

[0044] Since an increase of the current density is effective for removing weak electrolyte, the cell or cells for remov- 
ing the weak electrolyte may be controlled to have higher current density more than the other cells. 
[0045] Though the cells are hexagonal in Figs. 1 through 6, the cells may be quadrangular e.g. rhombic just like 
cells 45 shown in Fig. 8. A partition member 46 defining the quadrangular cells is formed by connecting tops of zigzag 
water passable members 49, 49 composed of inclined surfaces 47, 48. The connection between the members 49, 49 
may be achieved by adhesives or by engagement of notches (not shown) previously formed in the members 49. 
[0046] The partition member may be a triangle-type partition member 51 composed of triangular cells 50 as shown 
in Fig. 1 0 or may be a partition member 55 composed of cells 54 formed by a combination of lateral stripe members 52 
and wave members 53. 

[0047] In the electrodeionization apparatus of the present invention, the projected area to the ion exchange mem- 
brane of the cells is preferably 1-100 cm 2 , particularly 2-50 cm 2 , more particularly 3-10 cm 2 . The distance between a 
pair of the anion-exchange membrane and the cation-exchange membrane via the desalting compartment i.e. the thick- 
ness of the desalting compartment is preferably 1 .5-15 mm, particularly 3-10 mm. As the size of the cells is reduced, 
the amount of the ion exchanger to be filled in one cell is reduced so that the fluidization of the ion exchanger Is 
restrained. In addition, the strength of the partition member and the strength of the desalting compartment are 
increased. However, the pressure loss of the water flowing in the desalting compartment is increased. 
[0048] The ion exchanger to be filled is normally an ion exchange resin. But the ion exchanger may be an ion 
exchange fiber, ion exchange non-woven fabric, or a mixture of an ion exchange resin and an ion exchange fiber. Ion 
conductor such as conductive resin may be employed. 
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[0066] The electrodeionization apparatus of the present invention is preferably operated in such a-condition that the 
scale index SI is 500 or less. The scale index is obtained by the following expression: 

Scale Index SI = [Load per unit area of membrane of inorganic 
carbonate (mg-CO 2 /hr • dm )] • [Ca concentration of concentrated water (mg-CaCO 3 /L)J 

wherein "Load per unit area of membrane of inorganic carbonate (mg-CO^hr • dm 2 )" is load (mg-COg/hr) per 1 dm 2 of 
the anion exchange membrane of the electrodeionization apparatus and "Ca concentration of concentrated water" is 

10 Ca concentration of the water flowing out of the concentrating compartment (converted to CaC0 3 ). 

[00671 The inventors of this invention conducted experiments for making clear the forming mechanism of scales in 
the electrodeionization apparatus. In the experiments, scales were intentionally formed by mixing excessive amounts 
of inorganic carbononate and Ca in feed water to the electrodeionization apparatus. After that, the apparatus was dis- 
assembled and the concentrating compartment was observed. As a result, it was found that calcium carbonate adhered 

15 to the anion-exchange membrane at the concentrating compartment side. 

[0068] Accordingly, the inventors presumed that the forming mechanism of scales was follows. That is, when the 
electrodeionization apparatus is -in operation, areas near a surface of the anion-exchange membrane locally become 
alkaline. HC0 3 "or C0 3 2 ~ and OH" permeating the anion-exchange membrane from the desalting compartment are con- 
centrated near the anion-exchange membrane. In addition, Ca in water in the condensing compartment is drawn or 

20 driven to the anion-exchange membrane, so that HC0 3 " or C0 3 2 ' and OH" react with Ca to form scales of calcium car- 
bonate on the anion-exchange membrane. 

[0069] The inventors further studied and found that no scale forms when the scale index SI obtained by multiplying 
the load per unit area of inorganic carbonate of the anion-exchange membrane by the Ca concentration of concentrated 
water is 500 or less. The load of inorganic carbonate (mg-CO ^hr) of the electrodeionization apparatus is obtained by 
25 multiplying the inorganic carbonate concentration (mg-CO^L) of water fed to the electrodeionization apparatus by the 
flow rate (L/hr). Therefore, the load per unit area of inorganic carbonate (mg-CO^hr • dm 2 ) is the product of [the inor- 
ganic carbonate concentration (mg-CO^/L) of feed water] and [the flow rate per cell (Lmr) / the effective area of cells of 
the anion exchange membrane (dm 2 )]. 

[0070] By controlling the scale index SI to be 500 or less, precipitation of scales of calcium carbonate can be 
30 securely prevented in the concentrating compartment of the electrodeionization apparatus, thus enabling the stable 
operation of the electrodeionization apparatus for a long period of time. 

[0071] In the electrodeionization apparatus, electric current more than the theoretical amount required to discharge 
ions from feed water is supplied to occur dissociation of water in the desalting compartments so as to continuously 
regenerate the ion exchanger. Therefore, increase in electric current to be supplied increases the alkalinity of the pH at 
35 the surfaces of anion-exchange membranes, facilitating the precipitation of calcium carbonate. Accordingly, the permis- 
sible SI varies according to the value of electric current. 

[0072] In the electrodeionization apparatus which is directed to produce water having resistivity of about 10 
Mil • cm, the SI not exceeding 200, preferably not exceeding 150, is enough, when the required removing rate of silica 
is less 90% or when the current efficiency during its operation exceeds 20%. In view of economic consideration, the SI 
40 is preferably in a range between 80 and 200 to avoid treatment by a degassing apparatus, a softener, and/or such other 
extra device. 

[0073] In case of electrodeionization apparatus in which the required removing rate of silica is 90% or more i.e. the 
current efficiency during its operation is 20% or less, the SI is preferably is 120 or less, particularly 80 or less. In view 
of economic consideration, the SI is preferably in a range between 50 and 120. 

45 [0074] In case of electrodeionization apparatus in which the concentrating compartments are filled with the ion 
exchanger, the OH" ions permeated the anion-exchange membrane are easy to move in the concentrating compart- 
ment, so that the scale is dispersed. In this case, the permissible SI is 80 or more even preferably 80-200 when the elec- 
tric current is increased. The more preferable SI in this case is in a range between 80 and 150. If economic 
consideration is not taken, SI lower than 80 is also permissible. 

so [0075] To lower the SI to the specific value, there are some methods as follows. One of the methods is to lower the 
Ca concentration in the concentrated water by removing Ca by lowering the recovery of water or by the use of a Ca 
removing device such as a softener. Another method is to lower the load on the membrane surface of the inorganic car- 
bonate by reducing the amount of the water to be treated in the electrodeionization apparatus or removing inorganic 
carbonate by the use of a degassing device disposed at upstream of the electrodeionization apparatus. Alternative 

55 method of lowering the load on membrane surface of inorganic carbonate is to control the electric current of the elec- 
trodeionization apparatus. 

[0076] When the thickness of the desalting compartment is 5 mm or more, the operational voltage V/N is preferably 
2-10V and the space velocity is preferably 150 /h or more. In the operational voltage V/N, V is voltage between the cath- 
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1- An electrodeionization apparatus comprising: 

an anode; 
a cathode; 

exchange membrane and the anion-exchange membrane; and ' 
ion exchanger filled in each cell, 
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5. The electrodeionization apparatus according to any one of claims 1 through 4, wherein the configuration of each 
cell seen by projecting it upon the surface of membrane is quadrangle. * ~ 

6. The electrodeionization apparatus according to any one of claims 1 through 4, wherein the configuration of each 
cell seem by projecting it upon the surface of membrane is hexagon. 

7. The electrodeionization apparatus according to claim 6, wherein the hexagonal cell has a pair of sides extending 
in the vertical direction. 

8. The electrodeionization apparatus according to claim 7, wherein the water does not pass the pair of vertical sides 
of said partition member, but pass the other sides of said partion member. 

9. The electrodeionization apparatus according to any one of claims 1 through 8, wherein the thickness of each con- 
centrating compartment is 2.5 mm to 5 mm and an ion exchanger is filled in the concentrating compartment 

10. The electrodeionization apparatus according to any one of claims 1 through 8, further comprising: 

cells formed in at least an upper part of each concentrating compartment, said cells being defined by a partition 
member, the cation-exchange membrane and the anion-exchange membrane; and 
ion exchanger filled in the respective cells in the concentrating compartment, 

wherein at least a part of the partition member facing each cell in the concentrating compartment is inclined 
relative to the normal flow direction of water in the concentrating compartment, and 

wherein at least the inclined part of the partition member in the concentrating compartment allows the concen- 
trated water to pass, but prevents the ion exchanger to pass therethrough. 

11. The electrodeionization apparatus according to claim 10, wherein the cells are formed throughout the concentrat- 
ing compartment. 

12. The electrodeionization apparatus according to claim 10, wherein no member of partitioning the concentrating 
compartment is disposed at a lower part of the concentrating compartment 

13. The electrodeionization apparatus according to claim 1 0, wherein ribs extending in the vertical direction is disposed 
at a lower part of the concentrating compartment 

14. The electrodeionization apparatus according to any one of claims 1 through 13, the cation -exchange membrane 
and the anion-exchange membrane are uneven in their thickness. 

15. The electrodeionization apparatus according to any one of claims 1 through 14, wherein the thickness of each 
desalting compartment is in a range from 5 mm to 10 mm and the height of each desalting compartment is in a 
range from 300 mm to 500 mm. 

16. The electrodeionization apparatus according to any one of claims 1 through 15, further comprising cathodic com- 
partments defined by the cation-exchange membranes. 

17. The electrodeionization apparatus according to any one of claims 1 through 1 6, wherein at least some of the cells 
are filled with ion exchanger having the same ion exchange characteristics. 

18. The electrodeionization apparatus according to any one of claims 1 through 1 7, wherein at least some of the cells 
are filled with plural kinds of ion exchanger having different ion exchange characteristics. 

19. The electrodeionization apparatus according to claim 18, wherein 5-30% of the ion exchanger filled in said at least 
some of the cells is amphoteric ion exchanger. 

20. The electrodeionization apparatus according to any one of claims 1 through 19, wherein said cells are composed 
of first cells filled with ion exchanger having the same ion exchange characteristics and second cells filled with ion 
exchanger having ion exchange characteristics different from that of the ion exchanger filled in the first cells. 

21 . The electrodeionization apparatus according to claim 20, wherein said electrode is composed of a plurality of small 
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Fig. 4 
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Fig. 7 
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Fig. 8 
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Fig. 10 
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(54) Electrodeionization apparatus 

(57) An electrodeionization apparatus is provided, 
in which a plurality of cells are formed and arranged in 
vertical and lateral directions in each desalting compart- 
ment whereby various kinds of ion exchangers can be 
filled so that the arrangement and the mixing rate of the 
ion exchangers to be filled can be freely selected, and 
high filling density of the ion exchangers can be 
achieved. The desalting compartment comprises a rec- 
tangular frame 20, a partition member 21 , preferably 
having conductivity, disposed in the frame 20, an ion ex- 
changed fillecjjn cells 22 formed by the partition mem- 
ber 21 , an anion-exchange membrane 24 and a cation 
exchange membrane 25 which are disposed to sand- 
wich the frame 20. The partition member 21 is in a hon- 
eycomb form of hexagonal shape such that a pair of 
sides extend in the longitudinal direction of the frame 
20, i.e. in the vertical direction. 
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